Lactic acid bacteria (LAB) are Gram-positive, non-sporulating, microaerophilic bacteria that produce lactic acid as the main fermentation product, and they occur naturally in several food systems. Numerous studies have shown that these autochthonous microorganisms improve technological and sensory properties in food systems, and that they also help to inhibit the development of spoilage and pathogenic microorganisms ([@b10-bjm-44-109]; [@b3-bjm-44-109]; [@b4-bjm-44-109]). Nowadays, consumers demand natural products, with fewer chemical preservatives, so a new approach could be the controlled use of LAB as biopreservatives. Studies are continually being conducted to identify and characterize new LAB with this usage potential ([@b4-bjm-44-109]).

Because many LAB have similar nutritional and growth requirements, biochemical-based methodologies for identification are not conclusive in many cases. The conventional microbiological methods for bacterial identification are based on morphological and physiological characteristics such as Gram staining, cell shape, spore formation, enzyme production and the fermentation of different carbohydrates. Considering these methods, the API system (BioMerieux, Marcy l'Etoile, France) and Biolog (Biolog, Hayward, CA) are both widely used. Both methodologies are based on the fermentation patterns presented by the microorganisms. The API strips used for LAB identification are 50CHL, as the results are given as a combination of the fermentation of 49 carbohydrates and esculin hydrolysis. Biolog is a unique plate used for Gram-positive and Gram-negative bacteria and it analyses the fermentation of 96 carbohydrates. The results of both tests were analysed using computer software programs, ApiWeb and MicroLog 3, respectively. Currently, several molecular-based methodologies are available and are being implemented to identify microorganisms. One of the most useful methods is 16S rDNA gene sequencing. The genome of all bacteria contains this conserved gene, and the small variability in this region is unique and specific to each species ([@b7-bjm-44-109]).

Considering the available techniques for identifying LAB, the objective of this study was to compare molecular and phenotypic methods for identifying LAB isolates: API50CHL, Biolog, 16S rDNA sequencing, and species-specific PCR reactions.

Twenty-nine microbial isolates were randomly selected from a LAB culture collection isolated from raw milk and cheese, that presented antimicrobial activity against *Listeria monocytogenes* and *Staphylococcus aureus* ([@b9-bjm-44-109]). All isolates were grown on deMan Rogosa Sharpe agar (MRS, Oxoid Ltd., Basingstoke, UK) supplemented with 25% glycerol and kept at −80 °C. An aliquot of 200 μL of the stock was transferred to tubes containing 5 mL of MRS broth (Oxoid) and incubated at 35 °C for 24 h. These isolates were submitted for distinct tests (phenotypic and molecular) for identification at the genera and species level.

The obtained cultures were submitted for phenotypic identification using the Biolog system. Aliquots of the cultures were transferred to GP2 plate wells and incubated at 37 °C for 24--48 h, when positive results were recorded according to colour changes. The results obtained were automatically read and analysed using MicroLog 3 software, which provided the most probable genera and species of the tested culture. As phenotypic analysis, the obtained cultures were also submitted to identification using the API system; aliquots of the cultures were transferred to a CHL broth (BioMérieux), homogenized and transferred to API galleries according to the manufacturer's recommendations. After 48 h incubation, positive results were recorded according to colour changes. Then, the set of results was analysed using APIWeb software, which provided the most probable genera and species of the tested culture.

For molecular approach, the obtained cultures were recovered in MRS broth and aliquots of 1 mL were transferred to microcentrifuge tubes and centrifuged at 14,000 *g* for 2 min, and the cell pellet was submitted to DNA extraction using the DNA Purification Kit - Wizard Genomic (ref A11125, Promega Corporation, Madison, WI). 16S rDNA sequencing was conducted according [@b11-bjm-44-109], and PCR products were sequenced by Macrogen Inc. (Seoul, Korea), using the five primers described by [@b11-bjm-44-109]. The results obtained were compared with the previously deposited sequences in the National Center of Biotechnology Information database (NCBI, <http://www.ncbi.nlm.nih.gov>) with the Basic Alignment Search Tool (BLAST, <http://www.ncbi.nlm.nih.gov/blast>).

Considering the genus results obtained by the sequencing analysis, some isolates were additionally submitted for species-specific PCR reactions to perform a complete identification of *Enterococcus*, *Lactococcus* and *Lactobacillus* at species level, according to primers previously described by [@b5-bjm-44-109], [@b2-bjm-44-109] and [@b8-bjm-44-109]. The amplification products were mixed with GelRed 20x (Biotium Inc., Hayward, CA, USA) at 5:1 proportions and submitted to electrophoresis in 1% agarose gel in TBE 0.5x and visualized under UV light. The results obtained from the four methodologies were compared in order to verify coinciding results, using the results of molecular identification by 16S rDNA as reference. Only the results with reliability higher than 98% were considered as final results.

The 16S rDNA sequencing of all of the microorganisms identified them at the genera level, at least. Considering that species-specific PCR protocols target specific genes of genera and species, the reliability of these tests was considered to be 100%. The phenotypic tests did not present such high reliable rates; for the BioLog results, the reliability ranged from 74 to 99.9%, and for API50CHL the reliability ranged from 78.2 to 99.9%. Even with high reliability rates, these two phenotypic tests did not coincide with the molecular reference tests for the majority of the tested isolates: when the identification results by Biolog were compared to 16S rDNA gene sequencing and species-specific PCR reactions, 15 (51.7%) and 25 (86.2%) isolates presented divergent results, respectively; considering the results obtained by API 50CHL, 25 (86.2%) and 26 (89.7%) isolates presented divergent results when compared to 16S rDNA sequencing and species-specific PCR, respectively.

The different methods of evaluation provided different patterns of genera and species identification for the LAB isolates ([Table 1](#t1-bjm-44-109){ref-type="table"}). Regarding the results by sequencing of 16S rDNA gene and species-specific PCR, the most frequent genera observed was *Enterococcus* spp., whereas API50CHL mostly identified *Lactobacillus* spp., and BioLog *Enterococcus* spp. ([Table 1](#t1-bjm-44-109){ref-type="table"} and [2](#t2-bjm-44-109){ref-type="table"}). When the two phenotypic methods were compared to the sequencing results, the high frequency of non-coincident results is evident ([Tables 2](#t2-bjm-44-109){ref-type="table"}). However, the species-specific PCR reactions confirmed the 16S rDNA results of 16 out of the 29 tested isolates (55.2%), indicating their reliability for LAB identification ([Table 1](#t1-bjm-44-109){ref-type="table"} and [2](#t2-bjm-44-109){ref-type="table"}). However, the remaining 13 isolates (44.8%) were not identified by the species-specific PCR reactions considered in the present study, indicating the necessity of a wider variety of primers to identify other specific genes related to LAB species and subspecies, or even the sequencing of other regions of LAB genome ([@b12-bjm-44-109]; [@b7-bjm-44-109]). Differences between sequencing and phenotypic tests have already been observed previously, not just for LAB but also for many other bacteria ([@b1-bjm-44-109]; [@b12-bjm-44-109]; [@b6-bjm-44-109]).

Despite being the most reliable test, sequencing has some disadvantages. Because it is so conserved, in some cases the 16S rDNA gene is not sufficient for differentiating between species of LAB, especially *Enterococcus* spp. ([@b1-bjm-44-109]; [@b7-bjm-44-109]). Considering the difficulties in differentiating between some LAB species with 16S rDNA sequencing and phenotypic tests (6, 12), the application of specific molecular techniques such as species-specific PCR is necessary. For example, the identification of *Enterococcus* spp. is based on the detection of the d-alanine-ligase enzyme, antibiotic resistance and specific regions ([@b5-bjm-44-109]). Species-specific PCR is also useful for identifying microorganisms at subspecies level, which cannot be easily achieved with other common techniques ([@b2-bjm-44-109]). Another disadvantage is the time required to obtain the sequencing results, which is considerably higher than the time needed to obtain phenotypic test results.

The phenotypic tests are useful for identifying a small number of isolates, especially clinical samples, as their software databases mainly contain clinically important bacteria. However, when using these methods their limitations must be considered, such as their poor reproducibility, a result of the plasticity of bacterial growth, the logistic difficulties for large-scale applications, and their sometimes poor discriminatory power ([@b7-bjm-44-109]). Another issue is that bacterial isolates do not express all their genes at the same time, as gene expression is related to environmental conditions. Considering this, the identification of such isolates only by biochemical tests can be jeopardized.

In conclusion, the choice of identification method must be carefully analysed. Some factors must be considered, such as the origin of the samples (food or clinical isolates), the number of isolates to be identified, and staff qualifications. For clinical samples, a phenotypic test could be used as a trial test, but the molecular methods are more accurate and should be used as confirmatory tests for hard-to-identify isolates. Considering that most of the LAB isolation and identification studies aim to detect potential biopreservative isolates from food, the molecular approach is probably the most sensitive.
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###### 

Frequencies of each genera and species of lactic acid bacteria identified using four different methods: 16s DNA sequencing, species-specific PCR, API50CH and BioLog.

  Genera/specie               BioLog   API 50CH   16s rDNA sequencing   Species-specific PCR
  --------------------------- -------- ---------- --------------------- ----------------------
  *Enterococcus* spp.         0        0          20                    0
  *Enterococcus faecalis*     5        0          0                     9
  *Enterococcus durans*       4        0          0                     0
  other species               6        0          0                     0
  *Lactococcus* spp.          0        0          0                     0
  *Lactococcus lactis*        1        6          3                     2
  *Lactobacillus* spp.        0        1          0                     0
  *Lactobacillus plantarum*   0        14         5                     5
  *Lactobacillus paracasei*   0        6          0                     0
  *Streptococcus* spp.        2        0          1                     0
  Other genera/specie         6        1          0                     0
  Not identified              5        1          0                     13

###### 

Comparison of lactic acid bacteria identification results obtained with 16S rDNA sequencing (above 98% reliability), species-specific PCR (100% reliability), API50CH and BioLog.

           BioLog                                API50CH                                       16S rDNA sequencing                   Species-specific PCR
  -------- ------------------------------------- --------------------------------------------- ------------------------------------- -------------------------------------
  LAB 01   *Enterococcus faecalis*               *Lactobacillus* spp.                          *Enterococcus* spp.                   *Enterococcus faecalis*
  LAB 02   NI                                    *Lactobacillus plantarum*                     *Enterococcus* spp.                   *Enterococcus faecalis*
  LAB 03   NI                                    *Lactobacillus paracasei* subsp *paracasei*   *Enterococcus* spp.                   *Enterococcus faecalis*
  LAB 04   *Enterococcus durans*                 *Lactobacillus paracasei* subsp *paracasei*   *Enterococcus* spp.                   *Enterococcus faecalis*
  LAB 05   *Enterococcus faecalis*               *Lactobacillus plantarum*                     *Enterococcus* spp.                   *Enterococcus faecalis*
  LAB 06   *Enterococcus faecalis*               *Pediococcus* spp                             *Enterococcus* spp.                   NI
  LAB 07   *Enterococcus faecium*                *Lactobacillus plantarum*                     *Enterococcus* spp.                   *Enterococcus faecalis*
  LAB 08   *Pediococcus acidilactci/parvulus*    *Lactococcus lactis* subsp *lactis*           *Enterococcus* spp.                   NI
  LAB 09   *Streptococcus uberis*                *Lactococcus lactis* subsp *lactis*           *Enterococcus* spp.                   NI
  LAB 10   *Pediococcus* spp                     *Lactococcus lactis* subsp *lactis*           *Enterococcus* spp.                   NI
  LAB 11   *Enterococcus* spp                    *Lactobacillus plantarum*                     *Enterococcus* spp.                   NI
  LAB 12   *Enterococcus faecalis*               *Lactobacillus paracasei paracasei*           *Enterococcus* spp.                   *Enterococcus faecalis*
  LAB 13   *Enterococcus hirae*                  *Lactobacillus paracasei paracasei*           *Enterococcus* spp.                   *Enterococcus faecalis*
  LAB 14   *Enterococcus durans*                 *Lactobacillus plantarum*                     *Enterococcus* spp.                   NI
  LAB 15   *Enterococcus durans*                 *Lactobacillus plantarum*                     *Enterococcus* spp.                   NI
  LAB 16   *Enterococcus durans*                 *Lactobacillus plantarum*                     *Enterococcus* spp.                   NI
  LAB 17   *Enterococcus gallinarum*             *Lactobacillus plantarum*                     *Enterococcus* spp.                   NI
  LAB 18   *Enterococcus gallinarum*             *Lactobacillus plantarum*                     *Enterococcus* spp.                   NI
  LAB 19   *Tetragenococcus halophilus*          *Lactobacillus plantarum*                     *Enterococcus* spp.                   NI
  LAB 20   *Enterococcus faecalis*               *Lactobacillus plantarum*                     *Enterococcus* spp.                   *Enterococcus faecalis*
  LAB 21   NI                                    *Lactobacillus plantarum*                     *Lactobacillus plantarum*             *Lactobacillus plantarum*
  LAB 22   *Pediococcus pentosaceus*             *Lactobacillus paracasei paracasei*           *Lactobacillus plantarum*             *Lactobacillus plantarum*
  LAB 23   *Pediococcus* spp                     *Lactobacillus paracasei paracasei*           *Lactobacillus plantarum*             *Lactobacillus plantarum*
  LAB 24   NI                                    *Lactobacillus plantarum*                     *Lactobacillus plantarum*             *Lactobacillus plantarum*
  LAB 25   *Pediococcus urinaeequi*              *Lactococcus lactis* subsp *lactis*           *Lactobacillus plantarum*             *Lactobacillus plantarum*
  LAB 26   *Streptococcus hyovaginalis*          *Lactococcus lactis* subsp *lactis*           *Lactococcus lactis* subsp *lactis*   NI
  LAB 27   *Enterococcus gallinarum*             *Lactococcus lactis* subsp *lactis*           *Lactococcus lactis* subsp *lactis*   *Lactococcus lactis* subsp *lactis*
  LAB 28   NI                                    NI                                            *Lactococcus lactis*                  *Lactococcus lactis* subsp *lactis*
  LAB 29   *Lactococcus lactis* subsp *lactis*   *Lactobacillus plantarum*                     *Streptococcus* spp.                  NI

NI: Not identified.
